Columbia Program Digs Deeper into Arsenic Dilemma by Mead, M. Nathaniel
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Columbia Program
Digs Deeper into
Arsenic Dilemma
The German idiom verschlimmbesserung
refers to an intervention that is made with
the best intentions to solve a problem but
ends up worsening the situation or creating
new problems. Past efforts to improve the
drinking water supply of Bangladesh are a
classic example. Three decades ago, the peo-
ple of this poverty-stricken country got their
drinking water primarily from surface
sources, which were often contaminated with
fecal pathogens that caused diarrhea, cholera,
typhoid, and other life-threatening diseases.
In 1971, the United Nations Children’s
Fund launched a campaign to drill hand-
pumped tubewells into the Ganges Delta
alluvium. Hailed as a public health coup, the
effort led to a plummet in waterborne micro-
bial diseases throughout Bangladesh. But in
the mid-1990s, local physicians noted a steep
increase in the incidence of arsenicosis and
other arsenic-related diseases—a trend subse-
quently linked to the drinking of tubewell
water naturally rich in the metalloid element. 
Now scientists at Columbia University
have devised an approach that they believe
could become part of an overall strategy to
resolve the arsenic crisis in Bangladesh.
Spearheaded by Alexander van Geen, a
senior research scientist at the Lamont-
Doherty Earth Observatory, Habibul Ahsan,
an associate professor of epidemiology, and
Joseph Graziano, associate dean of research
at the Mailman School of Public Health,
their proposed strategy includes the installa-
tion and monitoring of deep community
wells in affected villages throughout
Bangladesh. There is also a strong emphasis
on training and organizing villagers at the
community level to secure a source of safe
water that is tailored to local needs.
The proposed strategy grew out of field
work and a well survey conducted through
the university’s NIEHS Superfund Basic
Research Program, of which Graziano is
director. The program was established in
2000 to study the bioavailability, health
effects, and geochemistry of arsenic and lead.
Projects to date have included bioavailability
and geochemistry studies at four Superfund
sites, epidemiologic and geochemistry studies
of arsenic in drinking water in Bangladesh,
and the development of practical remedia-
tion strategies for arsenic in wastewater and
drinking water.
Public Health Crisis
Today, 97% of the Bangladesh population
drinks water from an estimated 10 million
tubewells, according to research by van Geen
and colleagues published in volume 81, issue
9 (2003) of the Bulletin of the World Health
Organization. The contamination is most
common in tubewells drawing groundwater
from 10- to 100-meter depths in much of
southern Bangladesh and, to a lesser extent,
in northern areas along the Ganges River. A
survey published in 2001 by the Bangladeshi
Department of Public Health Engineering
(DPHE) and the British Geological Survey
(BGS) mapped out the variable extent to
which different upazilas (subdistrict adminis-
trative units) were affected. The surveyors
concluded that 35 million Bangladeshis are
exposed to groundwater arsenic at concentra-
tions exceeding the country’s standard of 50
micrograms per liter (µg/L), and 57 million
are exposed to concentrations exceeding the
World Health Organization (WHO) stan-
dard of 10 µg/L.
Prior to the inception of their investiga-
tions into chronic arsenic exposure in
Bangladesh, the Columbia research team
faced ethical review boards in both the
United States and Bangladesh. “The Bangla-
desh committee on ethics in human research
argued vehemently that we couldn’t just
study the situation; we had to do something
to reduce the population’s exposure to
arsenic,” says Graziano. “This echoed the
views of the institutional review board here
in the States, and it has been our central
credo ever since. Whatever our research find-
ings might be, if we failed to lower the popu-
lation’s exposure, we would fail, period.” 
Digging Deeper
In the spring of 2000, Graziano, van Geen,
Ahsan, and others began a pilot study in
Araihazar upazila, an area with a wide range
of arsenic exposure. They used question-
naires to collect information on household
water usage, awareness of arsenic-related
risks, and preferences for remedial options
should a well turn out to be unsafe. They
used handheld Global Positioning System
(GPS) receivers to map the location of each
well. A few months later, the team began
recruiting residents of this region into a
prospective cohort study, and urine arsenic
data were obtained for 12,000 residents, or
about 17% of the study area’s population.
Nearly half the wells gave water with an
arsenic content exceeding the national
standard of 50 µg/L. Moreover, the team
found that the distribution of arsenic in
this region showed a high degree of spatial
variability and was therefore difficult to
predict. The proportion of safe wells varied
greatly from one village to the next. But
the high resolution of the GPS-based map-
ping enabled the Columbia team to clearly
discern patterns in the spatial variability
between the wells.
“We quickly realized that this spatial
variability in high- and low-arsenic wells was
our most valuable finding,” says van Geen.
“Even though the highly variable nature of
the [arsenic] distribution would complicate
the intervention, it was clear that this high
degree of spatial variability also presented an
opportunity for remediation that needed to
be more fully explored. For mitigation pur-
poses, it seemed more important to know
the proportion of unsafe wells in a particular
village and [the variation of arsenic toxicity
relative to depth] because this would be very
different from the average value obtained for
the entire upazila.” 
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The reason for the research. Habibul Ahsan (left, in blue shirt), Joseph Graziano (center left, in
glasses), and Paul Brandt-Rauf (center right, in glasses) of the Mailman School of Public Health meet with
residents of Araihazar, Bangladesh.Close to 90% of the Araihazar inhabi-
tants, on average, were found to live within
100 meters of a safe well. Another promising
finding was that 65% of households with an
unsafe well had responded to the Columbia
team’s testing and information dissemination
by switching their usage to a nearby safe well.
Within a few months of the testing, the mean
urinary arsenic concentration among the
12,000 villagers tested previously had already
significantly declined.
In 2001, the Columbia group installed
seven community wells in villages where
nearly all of the wells gave water with arsenic
in excess of 50 µg/L. Two years later, 79% of
study residents living within 150 meters of
these community wells had switched to the
community wells for drinking and cooking
water. Their average urinary arsenic concen-
tration dropped over this period from 204 to
91 µg/L, a figure approaching the 70 µg/L
seen in residents of the same region who
drank from low-arsenic wells.
Eventually the Columbia team charted
the spatial scale of arsenic variability in 6,000
tubewells within a 25-square-kilometer area.
In a report published in volume 80, issue 9
(2002) of the Bulletin of the World Health
Organization, they concluded that well
switching—the practice of sharing the safe
wells that were frequently interspersed with
unsafe wells—might be a viable temporary
option in this area and possibly throughout
Bangladesh. But they also cited anecdotal evi-
dence suggesting that many villagers would
not continue to fetch their water from a rela-
tively distant well, especially one owned by
another household (the vast majority of the
wells surveyed were privately owned). In all
likelihood, then, well switching was only a
short-term solution, and one that might prove
difficult to implement on a national scale.
In Search of a Long-Term Solution
One long-term solution seemed to reside in
the deep groundwater aquifers—those some-
times beyond the reach of tubewells—which
were consistently low in arsenic. These
aquifers, formed probably 40,000-plus years
ago, offer a promising source of drinking
water for the long term because no treatment
and little maintenance is required for the
wells, according to van Geen. “The geology
of Bangladesh is now understood well
enough to guarantee that a three-hundred-
meter well in many parts of the country will
tap into a low-arsenic aquifer, and in many
parts of the country lesser depths will be
equally safe,” he says. Fortunately, he adds,
the vast majority of rural households reside
within drilling distance of aquifers that are
consistently low in arsenic. 
The Columbia strategy focuses on creat-
ing a network of trained village workers,
with an emphasis on community-based
decision making. One person in each affect-
ed village would be provided with and
trained to use a field kit for measuring
arsenic, a handheld GPS receiver to deter-
mine each well’s position, and a handheld
computer to enter field data. Groups of
approximately 20 workers from different vil-
lages would then communicate this infor-
mation digitally to a supervisor, who would
be linked by wireless phone to a national
support center to submit data for quality
control and analysis. These collaborators
would apply a simple decision tree to help
village residents develop their plan for
obtaining safe water, enabling them to
determine the optimal depth and location of
up to five deep community wells per village. 
The private sector would likely play the
major role in construction, maintenance, and
possibly operation of the wells. The manpow-
er and technical capability would come from
well-drilling companies in Bangladesh and
other countries. Nongovernmental organiza-
tions would serve as facilitators, building
links between communities, local govern-
ment, and local businesses. Funding would
have to come from the government.
Graziano and van Geen predict that
100,000 wells could be installed for less than
US$100 million (less than $1 per Bangla-
deshi citizen) and would enable the vast
majority of households to be within a short
walking distance of a safe community well.
“If one considers the total costs, it is not a
big price to pay, given the many benefits that
would accrue to the public health and econ-
omy,” says Mushtaque Chowdhury, deputy
executive director of the nongovernmental
Bangladesh Rural Advancement Committee. 
Moreover, a huge part of the plan’s cost-
effectiveness derives from its target-specific
nature. The Columbia team has demonstrated
that tailoring the installation of community
wells to local conditions halved the cost rela-
tive to what it would have been under a policy
of blanket installations to a 300-meter depth.
The cost would be reduced to a third if only
the highest-risk areas are addressed initially,
says Ahmed.
“By carefully considering the local geolo-
gy, taking into account the variability in
depth at which low-arsenic groundwater
occurs, and precisely mapping this variability,
the Columbia strategy enables us to pinpoint
safe aquifers for the installation of community
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High-tech search for low arsenic. The Columbia project used GIS mapping (above) to sur-
vey arsenic concentrations in wells around Araihazar, Bangladesh. Safe wells are thusly
labeled (right), and residents are encouraged to use them for drinking and cooking water.
<10
10–50
>50
Arsenic
(µg/L)wells,” says Kazi Matin Ahmed, a professor of
geology at the University of Dhaka and coau-
thor of the landmark BGS/DPHE report.
“This is a more promising option than treat-
ing high-arsenic groundwater or microbe-con-
taminated surface water. The plan also
emphasizes continued monitoring, which is
currently lacking for the water supply wells in
Bangladesh.” Ahmed advocates a national
water quality surveillance program that would
monitor levels not only of arsenic, but of lead,
manganese, organic pollutants, and other
contaminants of concern as well.
According to Graziano, the deep well
strategy would easily achieve the WHO stan-
dard of 10 µg/L—an important point, given
his team’s research in adults and children as
well as other recent epidemiologic evidence
indicating that the 50 µg/L guideline is not
adequate to protect public health. Graziano
asserts that the Bangladeshi standard reflects
a somewhat arbitrary threshold, and that,
over the long term, the WHO guideline
should be followed whenever possible.
One Plan of Many?
The Columbia plan has its fair share of crit-
ics, such as Harvard physics professor
Richard Wilson, who says the approach
overlooks many of the mitigation options
proposed at the International Workshop on
Arsenic Mitigation, organized by the WHO
for the Bangladeshi government and held in
Dhaka in January 2002. “Several alternative
ways of obtaining pure water were suggested,
each one appropriate for a different area,
each with its advantages and disadvantages,
and several now being successfully imple-
mented,” says Wilson. 
Wilson adds that all aspects of the
Columbia strategy—or any other strategy—
will require intensive community education
and involvement, as well as continuous
monitoring at the national level. This is the
hardest problem, he says, and the one that
has delayed all efforts so far and could make
the strategy difficult to execute. 
Wilson urges instead choosing from the
list of alternative mitigation options devel-
oped at the January 2002 meeting, which
include the use of dug wells, rainwater collec-
tion, and simple arsenic-removing techniques
such as filtration at the household level. 
Although these alternative strategies are
technically feasible, Graziano and van Geen
feel that most of them will never work over
the long term in the dollar-a-day economy of
Bangladesh. “Home filters require attention
every day and will by definition run out of
capacity at some point,” says Graziano.
Rainwater collection, he notes, does appear
to be a viable mitigation option in certain
parts of the country and could therefore be
considered an alternative or complement to
the deep community well strategy. 
Wilson voices another concern as well:
that careless implementation of any strategy
can be dangerous. “For example,” he says,
“deep wells . . . [if] carelessly installed and
not monitored, can lead to cross-contamina-
tion in some areas. If the deep aquifer
becomes contaminated by the arsenic-laden
aquifer, the strategy will have failed.” 
Other experts disagree, to a point. “There
is little danger for leakage along the outside of
the well casing,” says Martin Stute, director of
the Columbia program’s Research Core
Laboratory for Hydrogeology. “The fine sedi-
ments of the Ganges–Brahmaputra Delta are
closing in around any well installations very
quickly. Indeed, the potential problem lies in
breakage of the casing in the shallow aquifer
due to shifting sediments.” Stute says periodic
arsenic measurements can detect this problem,
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BEYOND THE BENCH
Oasis of Fun
at Mount
Desert Island
Kids, summer, and water are
three things that just naturally
go together. The Community
Outreach and Education Prog-
ram (COEP) of the Center for
Membrane Toxicity Studies,
housed at Mount Desert
Island Biological Laboratory
in Bar Harbor, Maine, is using
its open-air Myers Marine
Aquarium Visitors Center to
maximize this combination and get kids
excited about learning during the summer
months. The Center for Membrane Toxicity
Studies, one of the NIEHS Marine and
Freshwater Biomedical Sciences Centers,
educates children about the environment and
their own role in keeping it healthy.
For about five years, the COEP has pro-
vided environmental health enrichment to
the surrounding community through the
Myers Marine Aquarium Visitors Center.
Aquarium staff provide weekly programs in
the summer for local and tourist visitors to
learn about the center’s research. In a typical
tour, visitors learn about water pollutants
and how they affect our health and environ-
ment, and are also given information on
water quality management. 
Because school-aged children are the tar-
get audience, the message delivery is kept
simple and fun. The aquarium has several
tanks that allow for viewing and touching of
the lab’s research species and other sea life
from the Gulf of Maine. Cartoon-embla-
zoned posters illustrate center findings on
how pollutants are processed in the body and
describe in nonspecialist language our own
responsibility in safeguarding the environ-
ment we live in. As part of the tour, center
staff describe their research projects and
allow visitors to view specimens through
microscopes.  
“When we talk about environmental
stewardship, I am always amazed by the reac-
tion of the children,” says Jeri Bowers, the
COEP associate director. “They love to get
involved and to feel like they are playing an
important role in maintaining a healthy
environment; they take it very seriously. Our
hope is that we can capture that enthusiasm
and interest while they’re young—and influ-
ence their behavior well into adulthood.”
The aquarium attracts large numbers of
student groups. One particularly memorable
visit was a May 2004 tour by a group of 40
Diving in. Children learn about the marine
environment and their role in keeping it healthy
at the Myers Marine Aquarium Visitors Center. and if it occurs, the well should be filled with
clays and redrilled. “However,” he says, “mon-
itoring data collected so far indicate that this
process is very unlikely to happen.”
In the meantime, education remains the
key to change. In 2003, Columbia launched
its Building Capacity to Reduce Arsenicosis
in Bangladesh training program with funds
from the John E. Fogarty International
Center. Under this program, Bangladeshi
pre- and postdoctoral students who are
accepted into Columbia receive funding for
two years of health, social, and Earth sciences
training in the United States, then two years
of field training in Bangladesh. Columbia
faculty have also traveled to Bangladesh to
conduct several short courses in environmen-
tal health, GIS technology, and geochem-
istry. Most recently, faculty have agreed to
participate in the teaching of courses at a
new school of public health in Dhaka. 
Above all, Graziano says, any mitigation
approach should be designed to rapidly reach
the largest number of affected people. Only
time and further research will tell whether
the Columbia approach—or any other
approach—can be effectively put into action
in Bangladesh. –M. Nathaniel Mead
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Headliners Skin Cancer
NIEHS-Supported Research
Linking Toenail Arsenic Content to Cutaneous Melanoma
Beane Freeman LE, Dennis LK, Lynch CF, Thorne PS, Just CL. 2004. Toenail arsenic con-
tent and cutaneous melanoma in Iowa. Am J Epidemiol 160:679–687.
Although exposure to arsenic has been associated with increased risk of non-
melanoma skin cancer, little research has been conducted on possible links
between arsenic and cutaneous melanoma. Now NIEHS grantees Laura E.
Beane Freeman of the National Cancer Institute and the University of Iowa and
Peter Thorne of the University of Iowa have joined with their colleagues to per-
form what may be the first epidemiologic study to investigate the association
between cutaneous melanoma and environmental arsenic exposure. 
Cutaneous malignant melanoma incidence is increasing in the United
States, and its annual percentage increase is one of the highest for all cancers.
This deadly cancer also has the lowest survival rate of all skin cancers. In 2003,
approximately 54,200 cases were diagnosed and 7,600 deaths were attributed
to cutaneous melanoma in the United States.
The study was conducted in Iowa, where some areas have high drinking
water concentrations of arsenic. The researchers identified participants through
the population-based Iowa Cancer Registry. They selected 368 white Iowans
aged 40 and older who had been diagnosed with cutaneous melanoma and
373 controls who had been diagnosed with colorectal cancer. Colorectal cancer
was chosen as a control because it is a common cancer with no known link to
arsenic. Study participants completed a survey and submitted toenail clippings
for arsenic analysis. 
The researchers found about a twofold increased risk of melanoma for par-
ticipants with elevated toenail arsenic concentrations. Risk of melanoma with
increasing toenail arsenic content was almost seven times greater for those
reporting an earlier skin cancer diagnosis. Participants with the highest toenail
arsenic levels were more likely to use private wells as compared to those with
the lowest arsenic levels. Private well use is a known risk factor for arsenic expo-
sure because wells are not held to the same testing requirements as public
water supplies.
The observed higher correlation in people with a prior skin cancer diagnosis
lends further support to a causal association between arsenic and cutaneous
melanoma. The authors speculate that this finding may not have been previ-
ously reported because similar studies have been conducted primarily in Asian
populations, who have a much lower risk of melanoma than Caucasians. The
authors further suggest that genetic factors such as skin color may modify the
effect of arsenic on melanoma risk. Further research must be conducted to con-
firm these results and clarify the link between arsenic exposure and develop-
ment of melanoma. –Jerry Phelps
children with Almström syndrome, a rare
hereditary disorder that can affect multiple
organ systems and cause blindness, hearing
impairment, type 2 diabetes mellitus, heart
failure, and liver disease. The visit was
arranged by researchers at the nearby Jackson
Laboratory, who discovered the gene for
Almström syndrome and provide their own
outreach to children affected by the illness.
Bowers says the tactile component of the
aquarium experience was especially impor-
tant and beneficial for these children, most of
whom can’t see or hear. 
Along with the strong community out-
reach it offers through the aquarium and
labs, Mount Desert Island also has exciting
environmental health research in progress
that staff hope will someday become part of
the children’s experience. Earlier this year,
the lab set up a website (http://ctd.mdibl.org/)
for the Comparative Toxicogenomics Data-
base, a data system being created to provide
centralized data on diverse organisms to sci-
entists worldwide. The lab has also received
NIH approval to sequence the genome of
the skate, data that will eventually be
entered into the Comparative Toxico-
genomics Database. One of the future goals
of the researchers is to incorporate the elec-
tronic data into the visitors program so that
children can access the database on com-
puters set up as part of the aquarium tour.
–Tanya Tillett